When there is a direct relationship between testosterone level and payoff in reproductive success through aggression, testosterone levels should be elevated. Elevated testosterone, however, has fitness costs, particularly a decreased tendency to display parental care. Thus the pattern of testosterone secretion in males should vary with the social and mating system. Western scrub-jays, Aphelocoma californica woodhouseii, form monogamous pairs on territories during the breeding season. Mexican jays, A. ultramarina, live in large, stable groups and up to five females within a group attempt nesting each spring. In both species, testosterone levels rose rapidly in March and peak levels did not differ. Elevated testosterone levels were only observed for about 3 weeks in the monogamous western scrub-jay, but were observed into May in Mexican jays, a reflection of prolonged opportunity for males to mate with multiple females and continual interaction with other competing males. In Mexican jays, nonbreeding yearlings had lower testosterone levels than all other age groups. Testosterone in males owning nests did not differ from that in other adult males, many of whom engage in extrapair fertilizations. Testosterone was elevated throughout the incubation phase, but was significantly lower when chicks were present in any nest in the group. Nearly all birds in the group fed all chicks. These observations support the hypothesis that testosterone is elevated when male-male competition is frequent and mating opportunities depend on the outcome of that competition, and testosterone is decreased when the necessity for parental or alloparental care would make its effects deleterious.
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In birds, elevated levels of testosterone early in the breeding season drive male reproductive behaviour including territory defence, courtship and mate guarding (reviewed in Wingfield et al. 1994) . High plasma testosterone levels, however, also impose physiological and behavioural 'costs'. Manipulative studies suggest that chronically elevated testosterone is associated with decreased survival in birds and other vertebrates (Marler & Moore 1988; Dufty 1989; Moss et al. 1994; Salvador et al. 1996) and lower reproductive success (Silverin 1980; Hegner & Wingfield 1987; Ketterson et al. 1992 ; but see Raouf et al. 1997) . High testosterone is linked to a variety of other deleterious effects, including (1) reduced tendency to provide parental care (Silverin 1980; Hegner & Wingfield 1987; Oring et al. 1989; Ketterson et al. 1992; Vleck & Dobrott 1993; Beletsky et al. 1995; Saino & Moller 1995) , (2) immunosuppression (Folstad & Karter 1992; Zuk et al. 1995; Hillgarth et al. 1996; Salvador et al. 1996) , (3) elevated energy turnover (Hogstad 1987; Ketterson et al. 1991; Marler et al. 1995) , and (4) disruption of social relationships and increased risk of injury (Dufty 1989; Beletsky et al. 1995) . Temporal variation in testosterone may therefore result from a cost-benefit trade-off, with elevated testosterone advantageous for successful territory and mate acquisition, but deleterious outside the immediate mating season.
The trade-off hypothesis grew from comparisons within and between species (Wingfield et al. 1990 ). Within a bird species, variability between individuals in testosterone levels depends in part on the frequency of male-male challenges (Beletsky et al. 1992) . Such agonistic interactions typically elevate testosterone within minutes (Wingfield & Wada 1989) . Elevated testosterone may then promote readiness for further agonistic behaviour, a positive feedback system termed the challenge hypothesis (Wingfield et al. 1990 ). Between species, variation in the duration of elevated testosterone correlates with male social and parental behaviour. In socially monogamous species, plasma testosterone is elevated only briefly during the early part of the breeding season when territory
